suppressor gene screening revealing that the TAT2 tryptophan permease rescues cell growth to 23 sodium dodecyl sulfate-treated Δmck1 cells. Therefore, we questioned the involvement of (CR) (7) and Tea Tree Oil (TTO) (8) or by growth at elevated temperatures (9), trigger the CWI 50 pathway.
51
MCK1, the yeast homologue of the mammalian Glycogen Synthase Kinase-3 (GSK-3) (10, 52 11), is involved in a variety of stress response activities. Mck1p maintains genome integrity in 53 response to DNA damage (12, 13) and is involved in the transcriptional regulation of stress 54 response genes (14, 15) . In addition, Mck1p is a downstream effector of CWI signaling activated 55 by high temperature, osmotic stress or calcium stress (16, 17) . Deletion of MCK1 causes hyper-56 sensitivity to SDS (14, 16) . We previously found that SDS induces cell cycle arrest during G1 57 phase via Mck1p (14) . In order to understand the mechanism of cell growth inhibition by SDS, we 58 implemented a suppressor gene screening using Δmck1 cells in the presence of SDS. The screen 59 revealed that the TAT2 tryptophan permease rescued cell growth to SDS-treated Δmck1 cells.
60
The high affinity tryptophan permease, Tat2p (Tryptophan Amino acid , section 2 and 3). This confirms our previous conclusion that MCK1 contributes to the stress 147 response in the presence of SDS in a way that might be independent from tryptophan availability.
149
CWI activity is independent of tryptophan synthesis.
151
These results prompted us to test further the prototrophic requirements for SDS resistance. W303 152 cells that are auxotrophic for all of the markers, ade2-1, his3-11,15, leu2-3,112, trp1-1 and ura3-153 1, show growth inhibition on YPD plus SDS plates (Fig 3, row 4) . The matched cells harboring a 154 wild type copy of TRP1 and are auxotrophic for the other four genes, showed robust growth in the 155 presence of SDS whereas cells that were prototrophic for any other single mutant indicated besides 156 tryptophan show growth inhibition in the same conditions (Fig 3, rows 1 , 5, 6, 7 and 8) . As an 157 additional control, we used BY4741 cells that are prototrophic for TRP1 and as expected these 158 cells grow robustly at this concentration of SDS (Fig 3, row 2 ). These findings support the evidence 159 that trp1 auxotrophy has a more adverse effect to cells compromised with SDS than auxotrophy 160 for adenine, histidine, leucine or uracil. 
180
All plates were incubated at 30ºC for 2 days unless noted.
182
Since SDS treatment activates the CWI pathway (34, 35), we wanted to know if tryptophan 183 prototrophy can recover growth inhibition due to other activators of CWI signaling. CFW is a dye 184 that interferes with cell wall assembly by blocking chitin polymerization, resulting in weakened 185 cell walls (34, 36, 37) . CR is a dye that interferes with cell wall assembly by binding to chitin and with either dye, heat stress or TTO triggers the CWI pathway (8, 9, 40, 45) .
190
We asked whether tryptophan prototrophy could recover growth sensitivity to cells challenged 191 with 10ug/ml CFW or 10ug/ml CR. In contrast to SDS treatment, we found that the different 192 varieties of W303 cells were as sensitive as each other upon CFW or CR treatment and this result 193 is regardless of tryptophan prototrophy (Fig 4B) . We also found that BY4741 cells are not as 194 sensitive to CFW and CR as W303 cells (Fig 4B, row 7 ).
195
We also tested the effect of tryptophan prototrophy on cells compromised with heat stress. This 196 assay showed that both W303 and BY4741 cells grow well when incubated at 37ºC (Fig 4C, left) .
197
W303 cell growth was inhibited at 39ºC and like CFW and CR treatment; inhibition is completely 198 independent of tryptophan prototrophy (Fig 4C, right) . BY4741 cells, however, do not show 199 growth sensitivity at 39ºC (Fig 4C, right, row 7) .
200
In converse to CFW, CR and heat stress, the presence of wild type TRP1 was able to recover cell 201 growth sensitivity due to TTO in prototrophic cells. W303 prototrophic cells were able to 202 overcome growth inhibition due to 0.15% TTO if they contain his3-11,15, but not trp1-1 (Fig 4D, The TRP1 gene product is essential for yeast cells to biosynthesize tryptophan. S. cerevisiae uses 212 a shared pathway to synthesize tryptophan that also synthesizes phenylalanine and tyrosine (Fig   213   5A ). We know that cells mutant for any of the enzymes specific to the tryptophan biosynthesis 214 pathway are sensitive to SDS (33). We wanted to know if either phenylalanine or tyrosine 215 auxotrophy causes the same response to SDS as an aberrant TRP1 gene. 
245
This experiment uncovers that tyrosine is also required for yeast cells to survive SDS-treatment 246 along with a fully functional tryptophan biosynthesis pathway and provides additional evidence 247 that growth is influenced by tryptophan biosynthesis enzymes.
248
It has been shown before that tryptophan can be imported through channels other than Tat2p, 249 primarily through Gap1p (18). We retrieved Δtat2 cells from the EUROSCARF deletion library 250 and compared their growth to Δtrp1 cells in the presence of SDS. In contrast to Δtrp1, Δtat2 cell 251 growth was not inhibited by SDS treatment (Fig 5C, row 3) . We constructed a double deletion 252 mutant, Δtat2 Δtrp1, which would not be able to import tryptophan through Tat2p nor make its 253 own. Growth of the Δtat2 Δtrp1 double deletion mutant was mildly inhibited on SDS containing 254 plates compared to the single mutant, Δtat2. Yet, compared to the Δtrp1 single mutant, the 255 additional loss of Δtat2 conferred some growth resistance towards SDS treatment indicating that 256 indeed tryptophan uptake is maintained without Tat2p (Fig 5C, rows 3, 4 and 5). In this same 257 assay, we tested the growth of Δtat1 cells (Fig 5C, row 2) . Tat1 encodes for the high affinity 258 tyrosine permease. We found that Δtat1 cell growth was not affected by SDS suggesting that 259 tyrosine uptake is also remediated by different means during an SDS response. These results
260
suggest that internal tryptophan and tyrosine levels are important during an SDS assault and that 261 they are acquired through uptake systems other than Tat2p and Tat1p. Because Δtrp1 cell growth 262 is so constrained by SDS suggest that utilization of the tryptophan biosynthesis pathway is also 263 significant during an SDS response. We considered that membrane disruptions caused by SDS could interrupt tryptophan uptake 268 systems and this is why TRP1 prototrophy is imperative to cells compromised with SDS. If SDS 269 inhibits amino acid import, our results indicate that it is specific for tryptophan and also for 270 tyrosine. To determine tryptophan uptake, we used prototrophic W303 cells whose growth is 271 uncompromised on YPD plates containing 0.0075% SDS (Fig 4A, row 4) . We found that import response to SDS compared to auxotrophies for adenine, histidine, leucine or uracil. Next, we found 292 that tryptophan prototrophy is also critical for stress tolerance towards TTO, another membrane 293 destabilizing drug. While both SDS and TTO cause CWI activation, we demonstrate that 294 tryptophan prototrophy is not able to alleviate growth inhibition due to other cell wall/membrane 295 damaging treatments that also activate the pathway indicating a distinction from CWI signaling.
296
This also implicates that the resistance to growth inhibition shown by tryptophan prototrophic cells 297 may be specific to the type of membrane damage created by SDS and TTO as opposed to cell wall 298 disruptions. In addition, we uncover that tyrosine biosynthesis is also important for resistance to 299 SDS-induced growth inhibition whereas phenylalanine biosynthesis is dispensable. We also found 300 that in the presence of SDS, Δtat2 deletion cells show increased growth resistance to Δtrp1 cells 301 indicating that internal tryptophan levels are maintained during an SDS assault through uptake 302 systems other than Tat2p. Finally, we observe that both tryptophan and histidine import becomes 303 enhanced immediately upon addition of SDS as a further indication that SDS-induced growth 304 inhibition is not due to nutrient starvation in general.
305
These results suggest that tryptophan, tryptophan biosynthesis and tyrosine biosynthesis play a 306 role in the plasma membrane stress response. It is thought that the constitutive permeases, such as 
Materials and methods

314
Construction of yeast strains
315
The yeast cells used are derivatives of W303 (strain list in Table 1 ) except for the BY4741 control Figure 6 
